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Dear Coordirator:
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On behalf of the Regulatee and pursuant to Unit I1 B.1.b. and Unit II C of the
6/28/91 CAP Agreement, E.1. Du Pont de Nemours and Co. hereby submits (in traplicate) the
aitached studies, Submission of this informaticn is veluntary and is occasioned by unilateral
changes in EPA's standard as to what EPA now considers as reportable information.
Regulatee's submission of information is made solely in response to the new EPA §8(e)
repurting standards and is not an admission: (1) of TSCA violation or liability; (2) that
Regulatee's activities with the study compounds reascnably support a conclusion of substantial
health or environmental nisk or (3) that the studies themselves reasonably support a conclusion
of substantial health or environmental risk.

The *“Reporting Guide™ creates new TSCA 8(e) reporu.ug criteria which were not
previcusly announced by EPA in its 1978 Statement
43 Fed Reg 11110 (March 16, 1978). The “Re, orting Guide states criteria Wh.lch e. raads
upon and conflicts with the 1978 Statement of In..(pretation. Absent amendment of the
Statement of Iaterpretation, the informal issuance of the ‘‘Reporting Guide' raises significant
due processes issues and clouds the appropriate reporting standard by which regulated persons
can assure TSCA Section 8(e) compliarce.

For latee,

H. Christman
Counsel
Legal D-7158
1007 Masrket Street
Wilmington, DE 19898
(302) 774-6443

Better Things for Better Living




ATTACHMENT 1

Submission of information is made under the 6/28/91 CAP Agreement,
Unit II. This submission is made voluntarily and is occasioned by recent
changes in EPA's TSCA §8(e) reporting standard; such changes made, for
the first time in 1991 and 1992 without prior notice and in violation of
Regulatee's constitutional due process rights. Regulatee's submission of
information under this changed standard is not a waiver of its due process
rights; an admission of TSCA violation or liability, or an admission that
Regulatee's activities with the study compounds reasonably support a
conclusion of substantial risk to health or to the environment. Regulatee has
historically relied in good faith unon the 1978 Statement of Interpretation and
Enforcement Poiicy criteria for determining whether study information is
reportable under TSCA §8(e), 43 rFed Reg 11110 (March 16, 1978). EPA

has not, to date, amended this Statement of Interpretation.

After CAP registration, EPA provided the Regulatee the
June 1, 1991 "TSCA Section 8(e) Reporting Guide". This "Guide" has been
further amended by EPA, EPA letter, April 10, 1992, EPA has not indicated
that the "Reporting Guide" or the April 1992 amendment supersedes the
1978 Statement of Inteipretation. The "Reporting Guide” and April 1992
amendment substantively lowers the Siatcment of Interpretation 's TSCA
§8(e) reporting standard2. This is particularly troublesome as the "Reporting

Guide" states criteria, applied retroactively, which expands upon and
conflicts with the Statement of Interpretation.? Absent amendment of the
Statement of Interpretation, the informal issuance of the "Reporting Guide"
and the April 1992 amendment clouds the appropriate standard by which
regulated persons must assess information for purposes of TSCA §8(e).

2In sharp contrast to the Agency's 1977 and 1978 actions to roliciting public comment on the proposed
and final §8(e) Policy, EPA has unilaterally pronounced §8(v) substantive reporting criteria in the 1991
Section 8(c) Guide without public notice and comment, See 42 Fed Reg 45362 (9/9/77), “Notification of
Substantial Risk under Section 8(e): Proposed Guidance”.

3A comparison of the 1978 Statement of Interpretation and the 1992 "Repos ing Guide” is a appended.




Throughout the CAP, EPA has mischaracterized the 1991 guidance as
reflecting "longstanding" EPA policy concerning the standards by which
toxicity information should be reviewed for purposes of §8(e) compliance.
Regulatee recognizes that experience with the 1978 Statemant of

o Interpretation may cause a review of its criteri. Regulatee supports and has

: no objection to the Agency's amending reporting criteria provided that such
amendment is not applied to the regulated community in an unfair way.
However, with the unilateral announcement of the CAP under the auspices of
an OCM enforcement proceeding, EPA has wrought a terrific unfairness
since much of the criteria EPA has espoused in the June 1991 Reporting
Guide and in the Agency's April 2, 1992 amendment is new criteria which
does not.exist in the 1978 Statement of Interpretation and Enforcement
Policy.

The following examples of new criteria contained in the "Reporting

Guide" that is not contained in the Statement of Interpretation follow:

o even though EPA expressly disclaims each "status report” as being preliminary
evaluations that should pot be regarded as final EPA policy or intent?, the "Reporting
Guide" gives the "status reports” great weight as "sound and adequate basis” from
which to determine mandstory reporting obligations. ("Guide" at page 20).

o the "Reporting Guide" contains a matrix that establishes new numerical reporting
"cutoff™ concentrations for acute lethality information ("Guide” at p. 31). Neither
this matrix nor the cutoff values therein are contained in the Statement of
Interpretation. The regulated community was not made aware of these cutoff values
prior to issuance of the "Reporticg Guide" in june, 199].

othe "Reporting Guide" states new specific definitional criteria with which the Agency,

for the first time, defines as 'distinguishable neurotoxicological effects'; such

criteria/guidance not expressed in the 1978 Statement of Interpretation. 5,

othe "Reporting Guide" provides new review/ reporting criteria for irritation and
sensitization studies; such criteria not previously found in the 1978 Statement of

Interpretation/Enforcement Policy.

othe "Reporting Guide” publicizes certain EPA Q/A criteria issued to the Monsanto
Co. m 1989 which are not in the Statement of Interpretation; have never been
published in the Federal Register or distributed by the EPA to the Regulatee. Such
Q/A establishes new reporting criteria not previously found in the 1978 Statement of
Interpretation/Enforcement Pelicy .

“The 'status reports' address the significance, if any, of particular information reported o the Agency,
rather than staiing EPA's interpretation of §8(e) .eporting criteria. In the infrequent instances in whick the
status reports contain discussion of reportability, the analysis is invariably quite limited, without
substantial supporting scientific or legal rationale.

2 See, e.g, 10/2/91 letter from D Pont to EPA regarding the definition of 'serious and prolonged
effects’ as this term may relate to transient anesthetic effects observed at lethal levels; 10/1/91 letter from
the American Petroleum Institute lo EPA regarding clarification of the Reporting Guide criteria.



In discharging its responsibilities, an administrative agency must give
the regulated community fair and adequate warning to as
what constitutes noncompliance for which penalties may be assessed.

Among the myriad applications of the due process clause is the fundamental principle
that statutes and regulations which purport to govern conduct must give an adequate
wamning of what they command or forbid.... Even a regulation which governs
purely economic or ‘ommercial activities, if its violation can engender penaltics,
must be so framed as to provide a constitutionally adequate warning to those whose
activities are governed.

Diebold, Inc -._Marshall, 585 F.2d 1327, 1335-3¢ (D.C. Cir. 1978). See
also, Rollin rirenemntal Services (NJ) Inc. v. U.S, Environmental
Protection Ag .y, %37 F. 2d 649 (D.C. Cir. 1991).

While neither the are rules, This principle has been applied to hold
that agency 'clarification’, such as the Statement of Interpretation, the
"Reporting Guide" nor the April 1992 amendments will not applied
retroactively.

...a federa) court will not retroactively apply an unforeseeable interpretatiou of an
administrative regulation to the detriment of a regulated party on the theory that the
post hoc interpretation asserted by the Agency is geneially consistent with the
policies underlying the Agency'c regulatory program, when the semantic meaning of
the regulations, as previously drafted and construed by the appropriate agency, does
not support the interpretation which that agency urges upon the court.

Standard Oil Co. v. Federal Energy Administration, 453 F. Supp. 203, 240

(N.D. Ohio 1978), aff'd sub nom. Standard Qil Co. v. Department of
Energy, 596 F.2d 1029 (Em. App. 1978):

The 1978 Statement of Interpretaticn does not provide adequate notice

of, and indeed conflicts with, the Agency's current position at §8(e) requires
reporting of all 'positive' toxicological findings without

regard to an assessment of their relevance to human health. In accordance
with the statute, EPA's 1978 Statement of Interpretation requires the
regulated community to use scientific judgment to evaluate the signivicance of
toxicological findings and to determining whether they reasonaviy supoort 4
conclusion of a substantial nsk. Part V of the Statement of Interpretation
urges persons to consider "the fact or probability” of an effect's occurrence.
Similarly, the 1978 Statement of Interpretation stresse - that an animal study
is reportable only when "it coniains reliable evidence ascribing the effect io
the chemical.” 43 Fed Reg. at 11112. Moreover, EPA's Statement of
Interpretation defines the substantiality of risk as a function of both the
seriousness of the effect and the probability of its occurrence. 43 Fed Reg
11110 (1978). Earlier Agency interpretation also emphasized the
“substantizl" nature of a §8(e) determination. See 42 Fed Reg 45362, 45363



(1977). [Section 8(e) findings require "extracrdinary exposure to a chemical
substance. .. which critically imperil human health or the environment"].

The recently issued "Reporting Guide" and April 1992 Amendment
guidance requires reporting beyond and inconsistent
with that required by the Statement of Iuterpretation. Given tne statute and
the Statement of Interpretation's explicit focus on substantial human or
environmer:tal risk, whether a substance poses a "substantial risk" of injury
requires the application of scientific judgment to the available data on a case-
by-case basis.

If an overall weight-of-evidence analysis indicates that this
classification is unwarranted, reporting should be unnecessary under §8(e)
because the available data will not "reasonably support the conclusion™ that
the chemical presents a siibstantial risk of serious adverse consequences to
human health.

Neither the legislative history of §8(e) nor the plain meaning of the
statute support EPA's recent lowering of the reporting threshold that TSCA
§8(e) was intended to be a sweeping information gathering mechanism. In
introducing the new version of the toxic substances legislation,
Representative Eckhart included for the record discussion of the specific
changes from the version of H. R. 10318 reported by the Consumer
Protection and Finance Subcommittee in December 1975. One of these
changes was to modify the standard for reporting under §8(e). The standard
in the House version was changed from "causes or contributes to an
unreascnable risk” to "causes or significantly contributes to a substantial
risk". This particular change was one of several made in TSCA §8 to avoid
placing an undue burden on the regulated community. The final changes to
focus the scope of Section 8(e) were made in the version reported by the
Conference Committee.

The word "substantial” means "considerable in importance, value,
degree, amount or extent". Therefore, as generally understood, a
"substantial risk” is one which will affect a considerable number of people or
pertion of the environment, "will cause serious injury and is based on
rzasonably sound scientific analysis or data. Support for the interpretation
can be found in a similar provision in the Consumer Product Safety Act.
Section 15 of the CPSA defines a "substantial product hazard” to be:

"a product defect which because of the pattern
of defect, the number of defective products
distribuied in commerce, the severity of the
risk, or otherwise, creates a substantial risk
of injury to the public.”




Similarly, EPA has interpreted the word 'substantial’ as a quantitative
measurement. Thus, a 'substantial risk’ is a risx that can be quantified, See,
56 Fed Reg 32292, 32297 (7/15/91). Finally, since information pertinent to
the exposure of humans or the environment to chemical substances or
mixtures may be obtained by EPA through Sections 8(a) and 8(d) regardless
of the degree of potential risk, §8(e) has specialized function. Consequently,
information subject to §8(e) reporting should be of a type which would lead a
reasonable man to conclude that some type action was required immediztely
to prevent injury to health or the environment.




Comparison:

R rorting triggers found in the 1978 "Statement of Interpretation/ Enforcement
Policy",43 Fed Reg 11110 (3/16/78) and the June 1991 Section 8(e) Guide.

TEST TYPE 1978 POLICY New 1991 GUIDE
CRITERIA EXIST? CRITERIA EXIST?

ACUTE LETHALITY
Oral
Dermal
Inhalation (Vapors)
aerosol
dusts/ particles
SKIN IRRITATION
SKIN SENSITIZATION (ANIMALS)
EYE IRRITATION

SUBCHRONIC
(ORAL/DERMAL/INHALATION)

REPRODUCTION STUDY

DEVELOPMENTAL TOX y!3

643 Fed Reg at 11114, comment 14:
"This policy statements directs the reporitng of specifiec effects when unknown to the
Administrator, Many routine tests are based on a knowledge of toxicity associated with a
chemicall unknown effects occurring during such a range test may have to be reported if
they are those of concern tot he Agency and if the information meets the criteria set forth in
Parts V and VII."

TGuide at pp.22, 29-31.

8Guide at pp-34-36.

9Guide at pp-34-36.

10Gyide at py~34-36.

1 Guyide at pp-22; 36-37.

12Guide at pp-22

1343 Fed Reg at 11112
*Birth Defects" listed.

14Gyide at pp-22




NEUROTOXICITY
CARCINOGENICITY
MUTAGENICITY

In Vitro
In Vivo

ENVIRONMENTAL
Bioaccumulation
Bioconcentmation
Oct/water Part. Coeff.
Acute Fish

Acute Daphnia
Subchronic Fish

Subchronic Daphnia

Chronic Fish

AVIAN

Acnte
Reproductive
Reprodcutive

15Guide at pp-23; 33-34.
1643 Fed Reg at 11112
"Cancer" listed
17 00 =t pp-21.
1843 .0 Reg at 11112; 11115 at Commeat 15
"Mutagenicity" listed/ in vivo v§ invitro discussed; discussion of "Ames te-t".
19Guide at pp-23.
2043 Fed Reg at 11112; 11115 at Comment 16.
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IMMUNOPATHOLOGICAL FEATURES OF ISOCYANATE COMPOUNDS

Haskell laboratory Report No. 249-7h

Medical Research Project No, 10=C=5

The aerosol exposure and measurements of airway resistance
werc performed by Miss Rhoda M. Browr under the direction of
Dr. Franklin D. Griffith, The passive cutaneous anaphylaxis and gel
diffusion tests were carried out by Mr, Francis L. Ulmer and
Mr., William I. Swan nnder the direction of Dr, Ki Poong lee. Gross
patholosy wao carried out by Mr, August H, Stenholm, Mr, Willlam I, Swan
and Mr, Francis L, Ulmer under the supervision of Dr, Rudolf Cullk
and Dr, James G, Aftosmis, Microscopic slides were prepared by
Mrs, Jean A, Hostetler, Mr, Anthony T. Dilorenzo and Mrs, Joan A. Dimeler
under the direction of Dr, Ki Poong lee. Histopathologic evaluation
of the tissues was conducted by Dr, Ki Poong lLee,
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IMMUNOPATHOLOGICAL FEATURES OF 7SOCYANATE COMPOUNDS

Haskell Iaboratory Report No. 249-7h

Medical Research Project No, 10=C=5

“IMARY

The causal relationship between airway resistance and
pathological changes, as well as immunological response, was examined
for guinea pigs following consecutive aerosol exposure to toluene 2,4-
diisocyanate (TDI)} methylenebisphenyl isocyanate (MDI),~poly=
methylene polyphenylinoc&rnatu (PAPI®*) ‘&nd 4,4-methylenebiscyelo-
hexyl isocyanate (Hylene® W),' Serum antibodies were detected by
passive cutaneous anaphylaxis (PCA) test in the sera from guinea pigs
exposed to TDI but other isocyanates failed to produce positive resulte
when teated at lower concentrationa, 8ignificant elevation of airwvay
resistance in response to a single challenge exposure to TDI was obtained
after consecutive sensitization exposurea, suggenting an asthma=like
response, Challenge to PAPI® produced slight airway resistance; other
isocynnates falled to slicit airway resistance following challenge at
lower concentiations, Quinea pigs exposed to TDI revealed prominent
exudate consioting mainly of PMN (polymorphonuclear) leucocytes in the
airwvays and it ouperimposed to oblitemmtive bronchiolitis, Prominent
obliterative bronchiolitis with precipitate of inhaled material was
found in the guinea pigs exposed to PAPI®, oOther isooyanates induced
slight tracheobronchitis,

# Regiatered trmadamark of Upjohn Company for polymethylene polyphenyl=
lsocyanate,
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IMMUNOPATHOLOGICAL FEATURES OF ISOCYANATE COMPOUNDS

Haskell laboratory Report No, 249-74

Medical Research Project No, 10~C-5

INTRODUCTION

Isocyanates are widely used today in the production of polyurethane
f-am, vaints, lacquers, adhesives, and insulating materisls, Zapp described
letall the toxicological and industrial copects of isocyanates (76).
~nnate vapor, which is liberated during the production of these products,
»an known to cause irritation of skin, mucous membranes of the con=
Junctiva, and respiratory tracts of animals and humans (10, 32, L3, 75),
In addition, there were reports indicating extrinsic asthma=like reactions
in workers who were exposed repeatedly to low concentrations of these
compounds (34, 65, 69, 75). Respiratory hypersensitivity creates a serious
problem among workers because h resensitive persons become unable to work,
Cumulative effects of toluene 2,i'-diisocyanate (1DI) on the lung and
decreasad pulmonary function were found among symptomatic and asymptomatic
workers (56, 59).

Important questions have not been fully explained for many years as
to whether asthmatic symptome and pulmonary lesions resulting from isocyanate
exposure were related tc immunologicel reactions or to direct chemical irri-
tation, The purpose of this study is an attempt to determine immunogenicity
a8 woell as croos-antigenicity of isocyanates, and furthormore, causal re=-
lationships between pathological changeas of the lung and immunological
response,

MATERIALS AND METHODS

Aeronol Exposure

After a series of inhalation tests for guinea pigs with various
concentrations of the isocyanates to determine tolerable concentrations
for consecutive sensitization exposures, 30 male albino guinea pigs were
divided into flve squal groups and exposed as follows:

Group 1 = Served ar 2ontrol and exposed to air,
Group 2 = Exposed to TDI at an average of 60,7 ug/L during

sensitization and 9,3 us/L for u aingle challenge
oxposure,
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MATERIALS AND METHODS (Continued)

..erosol Exposure (Continued)

Group 3 = Exposed to an average of 4.65 ,.g/L of polyethylens=
polyphenylisocyanate (PAPL™*) during sensitization
and 4,60 ug/l for a single challenge exposure,

Group 4 = Exposed to an average of 0.9l wg/L of methylenchisphay.
isocyanate (MDI) during sensitization and 2.5 ug/'L fo- s
single challenge exposure,

Group 5 = Exposed to an average of 6,70 ug/L of 4,L-methylenebis=
cyclohexyl isocyanate (Hylene® W) as the sensitizing
exposure and 1,70 ug/L for a single challenge exposurc,

Tsocyanate aerosols were obtained by heating at 75-120°C in an
4], wiwwus 88 shown in Flgure 1. Dry house-alr was metered invo & round=
bottomed flask containing the isocyanate through a stainless steel nebulizer,
Tre aerosol passed through a glass side=a:m delivery tube with an air
dilution port into an 18-liter bell jar which was used as an exposure
chamber, Samples of the chamber atmosphere were taken at least three times
during each exposure and analyzed by using the colorimetiric method (37, h5).
As gensitizing e«posures, one group of slx guinea pigs werc exposed to each
isocyanate four hours per day for five days, Subasequently, two weeka after
the last oensitizing exposure, the guinea pigs received s single challenge
expusure for four houra, Three animals were sacrificed immedintely nfter
the chollenge exposure und arother three animals were killed seven days
later for pathological examination., Blood was collected frum the heart at
the time of the sacrifice in order to obtain anti=isocymnate immune merums
for PCA and the gel diffusion test, Lungs were fixed by infusion with
Bouin's solution and prepared for microscopic slidon,

PASSIVE CUTANEOUS ANAPIHYLAXIS (PCA

Methods based on a report of Ovary were used (51), A series of
titration teoatn wore porformed on tha skin of guinea pigs using various
concentrations of tha lsocynnate compounds in order to determinu proper
concentrations for a challenge dose and to avold non=specific reaction,

Bix test sites were prepared on the dorsal surface of the skin of a guines
pig, after shaving the fur 24 hours prior to intradermal injection of the
antisera, CQOuinea pigs were passively sensitized by intradermal injection
with 0,1 ml of antisora, After a lutent period of 2I hours, 0,5 to 1 ml of 1%
Rvan's blue dyo in saline was injected intracardially and then 0,5 ml of 19
Y, 1% MDI, 1% PAPI® and 0,1% Hylene® W in dioxane were applied topically
on the sites injeoted with the antisera, The site injected with TDI
antiserum was used as o positive control and normal serum was used as a
negative control, Also, sitea where imocynnate alone was applied were

uped as negative controls, In addition to guinea pig anti-imocyanate sem,
human sera from five subjects, clinically suspectod to be hyparsenaitive

to TDI, were subjocted to this test,

# Registered trademark of Upjohn Company for polymethylene polyphenyle
isooyanate,




IMMUNIZATION

In order to obtain immune antisera for isocyanates, one group of
rabbits and guinea pigs were immunized by daily topical skin application
with 0,5 ml of 1% isocyanate in dioxane to the shaved back for two weeks,
Another group of animals received intramuscular injections for 10 days
with 0.2 ml of isocymnate antigen which was prepared by mixing 1 ml of 10%
isocyanates with 10 ml of incomplete Freund's adjuvant,

GEL-DIFFUSION TEST

The gel-diffusion test was based on the procedures described by
Ouchterlony (50) and Lee and Olson (40), TDI-bovine serum albumin (BSA)
contrnte was prepared by a modification of Campbell (16),

WY FUNCTION TEST

Alrway resistance was measured by a modification of the method
described by Amdur and Mead (1),

RESULTS

Clinlecal Observation

During sensitization and challenge oxposure to TDI, the guinea pigs
revealed respiratory difficulty, i,e,,mouth breathing, or gasping for air,
The animals also showed general discomfort such as hyperemic ears, hyper=
activity with subsequent depression, lacrimation, nasal discharge, cyanosis
and incoordination. 1In comparison with the TDI exposures, animals exposed
to MDI, PAPI® and Hylene® W developed mild respiratory distress, hypers-
activity and ear hyperemia, At the beginning of each exposure, the control
group wao excited and then became restless throughout the exposure period,
Tha blood cell count reveuled normal limits of eoainophil number, but heterophil
number waa incroased modorately in all of th~ animals following oxposure to

the isocyanates,

Alrway Kosistance

The rmesults of the airway resistance meusurements during the control,
sensitization, recovery, and challenge exposures with the four lsocymnates
are illustrated in Figure 2 and Table I. The average of the measurements
made on the control animals was used as the control baseline for comparing
each group's rosponse, During the sonsitization period, the animala exponsed
to 'MI developed ateep atepwise inoreases in alrway resistance and attained
values approximately three times higher than the baseline levels, In the
case of PAPI® and Hylene® W, amall but ctatistically signifioant inoremses in
airway resistance were recognired during sensitization, while animals exposed
to MDI were within the baseline levels. In the recovery period, airway
resistance of animals exposed to TDI decreased gradually and returned to base=
line levels, 1In contreast, animais exposed to the other lsoccyanates returned
to within baseline levels after a short period of time, Aftera ningle challonge
exposure, the alrway resistance increased abruptly in the animala exposed to
TDI, while animels exposed to PAPI® showed a slight increase in the airway
reniotance, 'owever, animala exposed to MDI and Hylene® W did not produce
any statistiocally significant increace in aliway resistance.
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RESULTS (Continued)

Passive Cutaneous Anaphylaxis (PCA) Reaction

The results of cross sensitization are summarized in Teble II. The
guinea pigs sensitized with TDI antisera showed positive reactions, while
other isocyanates failed to elicit the PCA reaction (Fig., %). There were no
cross sensitization reactions between TDI and the other isceyanates (Fig.12-17).

The sensitivity of reaction with TDI was not precisely equal in
sensitized areas of the skin. The anterior dorsal skin and near the
midline revealed clear=-cut blue spots, The lateral skin showed comewhat
more diffuse coloration, The most intense coloration was obtained in the
ni-2hal skin, wheieas caudal skin ravealed less coloration, When 0,1 ml of
vi in dioxane was injected intradermally as the challenge dosa, the
arral portion of the injection sites exhibited yellowish=white spots due
10s8is, and blue coloration developed around the necrotic spots, However,
tupleal skin application with the challenge dose did not cause any necrosis
and developed strong uniform blue spots, Positive reactions appeaied within
three minutes after challenge and reached maximum intensity within 15 minutes,
Subsequently. the blue spots faded gradually, but a faint trace of blue color
was still recognized 48 hours after the challenge,

Gel Diffusion Test

The undiluted antisera from a group of guinea pigs which were sensi=
tized by aerosol exposure with four isocynnates were tested, 1In addition,
antisera from other groups of rabbits and guinea pigs immunized by intra-
muscular injection with Freund's adjuvant or topical skin application were
diffused on micro-Quchterlony slidas againat TDI-BSA antigen or 1% solution
of four different isocyanatea in dioxane, Procipitin line did not form in
any of the gel diffusion tests using different combinations of the antigens
and antisera,

Pathology of Skin

Groaaly, irrcgular=-chaped blue spota were found on tho cutaneous
surface of tho reaction sites, and the subcutaneous tissue wao oceverely
edematous, gelatinous in appearance and tinged with hlue dye colomtion,

The sites which wera injected with the control sorn ot challanged by the
isocyanates revealed a slight polymorphunuclear { wweooytic infiltration,
especially around the nerivmscular arcas of the de . |, the {ibrous sapta

of adipose tissue and interatitial tisoue of the muscle, The sitea that

were sensitized with TDI antisera and challenged by TDI exhiblted prominent
leucoatasis ana leuoocdiapedesis with edema in the auboutaneous tissue (Flg, I).
There wore large acoumulationa of PMN leucocoytesa in the fibrous septa between
the subcutaneous fat lobulea and interstitial t!isue of the muscle (Flg. ).
After 24 hours postechallenge, the number of PMN leucocytes and edema
decreased markedly and was gradually replaced by lymphocytes and monocytea,
The sites which were sensitized with other isocyanates and challonged by
corresponding lsocyanates or cross=challonged by TDI revealed a asimilar
tisnue reaction as ohservad at the control sites,
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RESULTS (Continued)

Pathology of Iung

TD1 Exposure

The superficial cells of the alr passages were necrotic and partially
sloughed off but rarely extended into the smootr muscle of the bronchial tree,
The remaining epithelium showed hyperplasia and hyperactivity of the mucous
secretion. Most of the alr pessages weire filled with mucinous or fibrinous
exudate which contained predominently ™N leucocytes, desquamated epithelial
cells and a fev round cells (Flg. 6). Some bronchiolar lumina were obliterated
by mural polynoid protrusions with inflammatory exudate forming crescent-like

rag~qges, In & few severely damaged bronchioles, the lumen was almost
ately obliteratel by granulomatous tissue which was formed by organizing
'“te leaving a slit-like space between the epithelium and the intraluminal
. .*1 mass, The submucosa of the trachea and large bronchi was swollen
and infiltrated by PMN leucocytes and round cells. The small bronchi and
bronchioles were cuffed predominently with lymphocytes, plasma cells,
monoecytes and PMN leucocytes, The inflammatory reaction was confined sharplv
to peribronchial or peribronchiolar areas.

PAPI® Exposure

The air pasonges and alveolar recponse to PAPI® were basically similar
to those of TDI. In contrmust to TDI, PAPI® did not produce prominent acute
inflammatory exudate wnd mucus in the air pacoages (Fig, 7)., Inhaled PAPI®
war readlly recognized as minute droplete or as linear precipitate on the
epithelium of tho air passages causing necrosis and obliterative bronchiolitis
(Fig. 8)., Tho procipitate war slightly birefringent under polarized microscopic
examination, Pale yellow refructile droplets, ranging in size from 1 to 5u
in diametor, were found mainly in desquamated cpithelial cells, ouporficial
opithelium of the air paspngeo, alveolar macrophages, and alveolar septal
cellr (Fig, 9). The epithelial reganeration and organizing oxudate became
more pronouncod on the seventh day post-exposurv,

MDI Exposure

Moat of the alr passages appoarod tu ve normal, A flew bronchial trees
showed desquamation of auperficial epithelium and epithellal regeneration
(Fig. 10), In comparison with other isocyanatea, damage of air passages was
very mild, and obliterative bronochliolitis was not encountered,

liylene® W Exposure

In apite of spithelinl damage of the passagea, only a nogligible
amount of acute inflammatory exudate was found within the lumen and no
obliterative bronchiolitis developed. In contrast to othor imocyanates, the
opithelium of the large air pasaages revealed prominent hypermicous smecreting
activity and precipitated material was .ot recognired in the bronchial
opithelium (Mg, 11), Buperficial tracheal epithslium was desquamated and
nhosal partiai squamous metaplasia, After the seventh day poat-nhallenge, the
epithelium of the air passages was regenerated and intraluminal uxudate wus

organlzed,

Note: Datniled pathology of lungs is described in Pathology Reporta
No, (h=70 and No, 26G=71,




DISCUSSION

The question as to whether immunologic mechanisms are involved in the
uazard of isocymnate exposures is far from settled and beckons new investi-
gative approiaches, Also, little information is available about cross
sensitization problems emong isocyanates,

Clinical symptoms o1 workers exposed to lsocyanates have suggested the
possibility involving immunologically mediated hypersensitivity. However,
no concrete evidence for an immunological response to isocyanateas among
workers appears to have been reported, Sensitive workers exhibited an
asthma=like response to minimal atmospheric concentration cf isocyanates
which failed to provoke any pulmonary response to non=sensitized people (48),
e =¥z 23 showing typlcal bronchial asthmatic symptoms frequently
« i eosinophila (10, 65, 69, 75)., Previously sensitized workers
- ' ~arked asthmatic signs within a few minutes after inhaling an
in . . nt amount of isocyanates (8), A relatively long latent period
between initiul exposure and symptoms suggestive of sensitization has been
observed among exposed workers (65, A9), 8ince normal workers _evealed
asthmatic symptoms following exposure to relatively high alrborne isocyanate
concentration for a short period of time, or to moderate concentration for
a longer period (10, 75), it is difficult to distinguish by clinical oymptomo
whether the asthmatic revaction to the isonymnate expocure is caused by direct
chemical irritation or by immunological hypersensitivity,

The reaction of allergic inhalation toat can be divided into immediate,
latc or dual in terms of their speed in appearing and peripheral reapiratory
(ullergic alveolitis) or bronchial allergic reaction (42), Immediate reactions

are of rapid vunset and begin within 10 minutes, reach a peak by 15 to 30
minutes, and resolve spontaneously within one to three houra, The mechaniam
of the immediate allergic reaction in the human lung haas not baen clear)y
defined, but it is postulated that bronchial obatruction ia largely atéribute
able to mediators, probably histamine, S8ER=A, bradykinin, serotonin and
prostaglandins (9)., Release of enzymes from loucocytea may be an important
phenomenon in the late nllergic reaction (13, 7)., The lysocsomal enzymes of
the PMN leucocytes aro the source of the mediators involved in the development
of inflammation and local vmsculitis (7%)., 'Thoso workera exposed to TDI
usually responded to late allergic reaction und occasionally to immediate

reaction,

Immediute reaction occurs in the airways and causes asthma without
oyotomatic features such an fever and leucocytosis, Thia may provoke o
blood aooinophilia uoually associated with immediate-type skin sensitivity
(25), The immediate msthmatic reaction correlated with reaginioc skin
senaitizing antibodies that have recently been identified as IgE immunoglobulina
(22, 7h), 1In aloplc subjects, Lhe imnediale reactlon ls medlated by the IgE
antivodies, while in nunatopic cubjecto it may be due to IgG antibodies (5°),

late asthmatic reactions begin between 3 and 13 hours, usually between
I and 6 hours after allergen inhalation, They progress Lo a maximum more
slowly « within one hour or over several hours and are more prolonged, usually
within 24 to W8 hours, but nay last for severa) daya. Their features include
febrile attacks with PMN leucooytoais, mathma and peripheral roeaspiratory
reaction «r as an asthmatio reaction in which the oyastemic featurea are leas

pradictab.o,




DISCUSSION (Continued)

These late asthmatlc reactions have been observed following the
inhalation of a variety of particles including house dust (7, 29, kW),
grass (19), ragweed pollen (h6), Bacillug subtilis enzymes (5h), cotton
dust (70), wood dusts (66), Lirds (53), plicatic acid (17), and amino=-
ethanolamine (67). Close currelation to dual skin reactions and
precipitating antibodies have not been found in the inhaled particles
just mentioned. The late reaction with pyrexial and peripheral respiratory
reaction has been reported in patients with farmer's lung (5), bagassosis
(26, 28), malt worker's lung (18, 62), bird fancier's lurg (27, 61),
mushroom worker's lung (31) and fish-meal worker's lung (3). They were
associated with precipitating antibodies, and in malt worker's lung and
birl fancier's lung with late -kin reaction, The precipitating anti-

s involved in late asthmatic reactions were IghA, IgG, or IgM (22).

2sheel, et al, used PCA and gel diffusion techniques to demonstrate

pevaric TDI antibodies in the sera of rabbits immunized by intravenous
injection of TDI egg albumin conjugates (Gh), However, the possibility
that the serum antibodies might be associated with the carrier protein
cannot be ruled out, Conversely, Thompson and Scheel reported negative
results in an attempt to intensify scnsitivity to TDI exposure for
pertussis-treated rats and to depress senaitivity for alloxan=treated rata
(72), They suggested that the pulmonary response to TDI expousure was due tO
chemical irritation rather than immune reaction (72), 7The serum antibodies
were demonstrated with MDI ogg albumin conjugates by the FCA test using
guinea pigs and the sera from humana exposed to MDI (35), However, no
detailed information is provided in order to question whether the exposed
subjocts bocume sensitized, Direct skin tests of apparently sensitized
humans with TDI itself have failed to show positive reaction (68, (9),
Recently, in an attempt to demonatrate serum TDI antibodien in tho sera

from humans, TDI hwnan serum albumin (HSA) conjugates have been used as

teat antigena and utilized the following technijuea: lymphocyte trana=-
formation test, PCA teat, Prausnitze-Klstner teat (P-K test), pasaive
hemsgglutination teat, leucocytea histamine release, and the gel diffusion
teat, Of these tests, only the lymphocyte tranoformation toat revealed
positive reaction, suggesting the presence of TDI antibodies, othur teats
prod iced negative resulta (2, 8), The lymphoblast transformation of
lymphocytes in culture presented aome ovidence to support the posaibility
that asthmatic asymptoms of humano exposed to TDI may be an immunologieal
reaction mediated by lymphocytes,

The molecular structure of the isooyanates uned in theae exparimentn
was qulle different, the only common thing was the presence of isocyanate
group(a) (NCO), Bruckner, et al, noted that the isocyanate group attached
to various n)iphatic and aromatic molecules was responsible for the chemical
reaction as well as the biological affects of the isocyanate compounds (8).
In our antigen preparation for gel diffusion, it was impoaaible to accurately
estimate the number of TDI haptens per molacule of BSA, aince ''DI reacted
with water, Probably TDI=DSA conjugatea nay not be the proper immunological
valenco to olicit a procipitin reaction.




DISCUSSION (Continued)

Several investigators have demonstrated that the human immunoglobulin
class differs in its ability to sensitize animal skin. Human skin sensi-
tizing antibodies (reagens) resids in & unique immunoglobulin class that has
been designated as IgE (23, 30, 37). These antibodies also sensitize monkey
8kin and produce P-K and PCA reactions parallel to those found by direct test
(24, 38, 39), In contrast, the capacity to passively sensitize gulnea pig
sxin is limited to certain subclass of IgG (71). Human precipitating anti-
bodies gave positive PCA reactions in guinesn pigs but rot in monkeys (11).
In the case of reespiratory allergy due *o moth fliles, antibody activity
was demonstrated in the patient's serum by the direct skin test and passive
transfer to human and monkey skin, but not to guinea pig skin (60)., In
these experiments, five workers who worked in a plant producing isocyanates

=1 products and who had asthmatic symptoms were subjected to the PCA

. the guinea pigs. The number of subjects was too small to draw a
[V, “-planation for the negative results. However, it cannot rule out
tiiw pessivility that the negative results of the PCA test might be ascribable
to> the human immunoglobulins which involved the bronchial asthmatic symptoms
but were unable to sensitlize the guinea pig skin, Among the several factors
that might account for failure to obtain positive results from the PCA test
with the sern from guinea pigs exposed to MDI, PAPI®, and Hylene® W, low
antibody titer was suspected because the guinea pigs were exposed to
relatively low atmospheric concentrations of lsocyanates for a short period
of time. In order to clarify thio question, anti=isocyanats hyperimmune
sera, which were obtained by topical skin application with isocyanatea or
by intramuscular injecticn with isocyanates in incomplete Freund's adjuvant,
were used lor the PCA test, Guinea pig anti~TDI sera produced uniformly
positive reactions of PCA, but negative r.soults were obtained invariably
with cther antl=isocyanatea sera,

It haa been reported that 50% of tho asymtomatic individuals inhaling
organic dust antigens may develop serum precipitina to those materiala
without developing any foatures of a hypersensitivity pneumonitis (h, 6, 12,
20, 23, 55, 61, G3), In addition, precipitins and MDI gerum antibodien
against known antigens tend to diminish or disappear with cessation of acute
disease activity (26. 55), 1In view of these faucts, an immunological test
should be used only as confirmatory evidence, Observation of workera after
rnatural exposure to isocyanates must be considered to have a more aignificant

valuo for screening hyporsenaitivity.

Several & ¢8 have reported rlecreases in ventilatory function that
occurred during ¢ . symptomatic periocd in subjects suspocted of respiratory
senaitization by ™I (36, 69, 65), Bome evidence for a cumulative effect
was suggested by measurements of forced expiratory volume in second (EFV )
vor ono week (59)., Bubsequently, the presence of & cumulative effect of TDI
on ventilatory capacity was confirmed after follow-up otudies among these
workers for six montha to two years (57, 58)., In this study, the slight
alevation of airway resistance which occurred during sensitization with
Hylene® W and PAPI® might be attributable to a direct irritative effect on
the air pannagen, A similar slight ventilatory decreass was reported in
non=genoiticed humana with iocoyanates following exposure to TDI and MDI (30),
S8everal chemical compounds were known to cause bronchoapusm as a resull of
direct irritation on the respiratory passages (21, 24, h9), Conjectured




DISCUSSION (vontinued)

from the observaticn of the abrupt increase in airway resistance with TDI
challenge, the presence of serum antibodies detected by the PCA test, and
the prominent exudative changes, as well as plasma cell infiltration in
the airways, TDI may be a potent chemical sensitizer causing asthmatic
pulmonary response. llowever, it should be mentioned that further im-
minological studies are necessary to prove definitely whether or not
the serum antibodies demonstrated by the PCA test arc responsible for
respiratory hypersensitivity. Interpretation of the slight elevation
of the airway resistance in guinea pigs following PAPI® challenge was
¢ .fficult because the magnitude of alrway recistance was not as drastic
as that seen in TDI challenge and because of the negative results with
the PCA test, In view of the marked obliterative oronchiolitis, slight
~* - pagistance may be related to damaged air passages and direct
tion rather than immunological reaction. PEased on atmospheric
» tration of isncyanates in these experiments, it is improper to
. the results of airway resistance and pulmonary lesions seen in
10T exposure with other isocyanates because animals were exposed to
different atmospheric concentrations, However, in terms of aerosol
sensitization, atmospheric concentrations of other isocyanates were high
enough to induce immunological reaction, since animals succumbed to the
exposure when the atmospheric concentration was raised in an attempt to
obtain hyperimmune sera by aerosul exposure,

"o clarify whether negative PCA reactions of isocyanrates,
other than TDI, were due to sensitization with lower atmospheric con=-
centrations, rabbits and guinea pigs wore hyperimmunized by intm-
muscular injection or topical skin application with the same amount of
isocyanates, The only positive PCA teat reaction was obtained from TDI
antiserum., All other isocyunate antisera produced a negative reaction,
From these resultas, one can rule out the possibility that the negative
PCA test was related to lower sensitizing concontrations of the ilsocyanates,
A possible explanation for the pomitive PCA reaction after TDI exposure
is the relatively high concentration of NCO groups in TDI in comparlson
with the other imocyanates, B8ince the aquivalent weight of TDI is
approximately 70k of the other isocyanates tested, the guinen pigs in the
TDI exposures receivad roughly 50% more NCO groups per walght of dose than
for the less volatile isocyanates, There is a difference, therefore, of
one to two orders of magnitude greater concentru’lon of luocyanubte functlons
in the DI experiments vs, the other isocyanates,

Little ia known regarding pulmonary responsv. to lmmunologlical
reaction, Idebow deocribed th- following pathological changea as criteria
to allorgic pneumonitis: extensive wosinophili reections, plasma cell
infiltration, aungitis or granulomatosis, and noncaseating granuleoma such
ao aarcoldosis (hl), Tho mothmatio pationts axhibited gamma globulins
tgh, 0, and/or M deposits beneath the bronchiaml epithelium (1h, 15, G8),

In patients with asthma, recent immunohistochemical studies have shown
nonapecific localization of IgE. It was imposaible to distinguish the

okin test positive individual from the skin test negative individual on

the busis of the number of Igke-containing mononuclear ocells in the bronohlal
nection (14), The lung can bo part of acuto generalized allorgic reactlons




DISCUSSION (Continued)

characterized by exudation. The infiltration of PMN leucocyies occurred
in the early stages of allergic reaction in fammer's lung (6). The
mononuclear cells, plasma cells and lymphocytes appeared in the latter
stage of the allergic reaction.

After the TDI challenge, the striking histological _hanges were
heavy infiltration of PMN leucocytes in the airways superimposed vpon
changes of chronic obliterative bronchiolitis, and dense peribronchiolar
cuffing with plasma cells, The chronic bronchiolitis was probably
produced by zonsecutive sensitization exposure with TDI, amd subsequently
heavy PMN leucocytic infiltration was induced by challenge exposure.
Abundant exudate, mainly PMN leucocytes and damge in the airways appeared
t~ “a partially responsible for the marked elevation of airway resistance.

KPL: 1jm
April 16, 197h




TABLE T

Comerison of Airesuy Resistance in Luinea Pigs Sensitized ° cyanates

Average cm Hz0/M1/Sec + Standard Deviation

“re-Exoosu:= Period Sensitization Period Recovery Period Cnallenge Period

0.5800 + C.05 0.4769 + 0.03 0.5502 + 0.05 0.4574 +

G.5335 + C.OL 0.€k38 + 0.12 C.5453 + 0.03 0.7503 2
0.:2599 + C.05 1.1609 + 0.36 €.8180 + 1.1693 +
©.5829 + 0.10 0.7332 + 0.15 C.5485 + 0.42kC +
0.1889 + 0.2€ 0.5231 + 0.10 0.4702




TAELE TI

Cross-hezctivity of Guinea Pigs Sensitized by Isocysnate Compounds

Test Compourd
Skin Application Intradermal Injection Antisera (Semsitizer)
(Ctallenze) Control TDI PAPTY MDI Yylene® W

i = =




Pulmon=ry lesions of Guinea Pigs Erxposed to Tsocyanate omr unds

Isocyanate Compounds
Patholozical lesions in Air Passases MDT PAPT® Hylene® u

Ecithelial Desguamatiorn : + ++ T4

Intralzmin=]l Inflarre=tory Exudate : : =

E sitheli=n Hyperpl=zsia. Regemeration
Coliteratiwvwe Eronchiolitis
Feribronchiolitis

Precipitste

Kezztive.

Yery slizht cezree of cienge.
= Slizht dezree of chense.

Moderate degree of chznce.

¥arked dezree of chz=nge.
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